Studies of the maturity of a number of varieties of fruit have been in progress at the Washington Station over a period of years. The effect on tree response of different fertilizer treatments applied to Jonathan apple trees, as indicated by a number of types of measurements, has also been determined. A number of reports on these latter experiments have beeni made. During the simultaneous progress of the maturity and fertilizer studies, a study of the effect of different fertilizers on the chemical composition of the fruit has been made. A major part of this latter phase of the work has been done on Jonathan apples; information has also been collected on the mineral composition of Winesap apples.
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BROWN (1) reported that the ash, potash, phosphate, and phosphatenitrogen ratio in apples were highest when the trees were growing upon a silt and gravel soil, lowest on the fen and fine silt soils, and intermediate oii chalk and sandstone. DELONG (2) reported that, upon the basis of the percentage of the individual ash constituents in fresh Wagener apples grown under Nova Scotia conditions, phosphorus and potash were lowest in fruits from the nitrogen fertilized trees; and that applications of muriate of potash materially increased ash and potash contents of the apples.
The preceding reports indicate that the fertilizers applied might have influenced the mineral content of the apples. Studies are reported herewith of the effect of orchard fertilizer applications upon Acid in the fruit was determined by making a water extract of a weighed sample and diluting to 500 ml. Toluene was added. After standing with frequent shaking for three days, an aliquot of 100 ml. was titrated with 0.1 N sodium hydroxide using phenolphthalein as the indicator.
Ash was determined by igniting in a muffle furnace the sample remaining from the determination of moisture; pH of the juice was obtained by utilization of a pH meter with glass electrode.
Nitrogen was determined by the Kjeldahl method using a 25-gram sample prepared according to the method previously described. While there was a slight variation in the percentage of nitrogen in the fruit, this did not appear to be definitely related to the use of nitrogen in the fertilizer applied. The percentage of phosphorus in the fruit from the different plots varied only slightly, and the same was true of potassium and calcium. Thus, the amount of these elements in the fruit did not appear to be definitely influenced by the fertilizer applications to the soil.
In 1933 samples were collected from the plots of Jonathan apples receiving fertilizer applications as previously described. Collections were also made from two additional plots, one of which had received an application of phosphorus alone and the other an application of potassium alone, each in amounts per tree comparable to those applied when used in combination. In addition, Winesap apples were collected from the plots that had received fertilizer treatments as first described. Data showing the nitrogen, phosphorus, potassium, and total ash of both varieties of apples produced during the 1933 season appear in table II. NITROGEN.-The data do not show with either the Jonathan or Winesap apples any consistent relationship between the percentage of nitrogen in the fruit and the fertilizers applied. These results do not necessarily mean that no more nitrogen was taken up by the tree when nitrogen was applied than when it was not added in the fertilizer. With respect to growth and fruit production, the first limiting major element in the soils of apple orchards of Central Washington is nitrogen (6) . Hence, when nitrogen is applied, the increased growth and greater production of fruit may so utilize the larger nitrogen intake that the actual percentage in the apples is not consistently higher than without nitrogen applications, which results in lessened growth and production. For example, data show the greatest average annual terminal growth results from the applications of nitrogen alone, and the next greatest from the nitrogen and phosphorus applications in the orchard (7) . Henee the pereentage of nitrogen in apples from trees receiv-ing nitrogen alone and from trees receiving nitrogen and phosphorus fertilizers was the same as that in the fruits from trees receiving phosphorus, those receiving potassium, and from the control trees.
With fruit from trees of the NPK and the NK plots the slight increase in the percentage of nitrogen found in the apples may be explained upon the basis. of shorter annual terminal growth (NPK, 6.8 inches; NK, 6.3 inches) than that made by the trees of the N (9.8 inches) and NP (7.6 inches) plots, nitrogen having been applied in each case. The fact that the apples from the PK plot contained slightly more nitrogen than those from the control plot might again be explained upon the basis of difference in average terminal growth, 4.3 inches and 5.1 inches, respectively.
PHOSPHORUS.-The data show that where nitrogen was included in the fertilizers applied the percentage of phosphorus in the apples tended to be lower than when nitrogen was omitted. This was true even when phosphorus was added with the nitrogen. Furthermore, the percentage of phosphorus in the apples tended to be higher in fruit from the control trees receiving no fertilizers, than was found in fruits from trees receiving nitrogen alone or with phosphorus. This again appears to be related to the increased growth and greater production of fruit resulting from the nitrogen application (7) . This response would tend to lessen the actual percentage of phosphorus in the fruit notwithstanding a greater possible total intake by the tree.
The trees receiving phosphorus alone produced fruits containing the highest percentage of this element in the apples. This may be explained uponi the basis of both greater initake and reduced terminal growth as compared with the trees receiving nitrogen. The relatively high percentage of phosphorus in the apples from trees receiving potassium alone may be explained by the fact that these trees made the least annual terminal growth of any of the trees (1.6 inches).
POTASSIUM.-The percentage of potassium in the Jonathan apples seems again to be related to the greater annual terminal growth and fruit production resulting from the nitrogen applications. Where the growth and production were relatively small, the percentage of potassium was relatively high, regardless of whether potassium was included in the fertilizers applied. Tts inclusion in the fertilizers, however, tended to increase the percentage in the fruits with or without nitrogen applications. The DRY MATTER.-When the Jonathan apples were analyzed shortly after harvest, or after storage for nearly six months at 320 F., there seemed to be a slight tendency for fruit from the trees receiving nitrogen alone to be somewhat lower in dry matter than fruit from the other plots. In fact, with the exception of one sample from the NPK plot, all the fruits from trees receiving nitrogen even in combination with phosphorus or potassium or both, tended to be slightly lower in percentage of dry matter than did fruits without nitrogen, such as those from the PK plots.
When analyzed after about six months in storage at 320 F., the apples from trees receiving nitrogen alone or in combination, were always slightly lower in dry matter than fruit from trees receiving no nitrogen (control and PK trees).
ACIDITY. SUGARS.-Jonathan apples did not show any consistent variation in sugars, with a possible exception of the percentage of sucrose in the plots receiving phosphorus alone or together with potassium. Sucrose in the fruit from the two plots was slightly higher than in that from the other plots.
Referring to the data on Winesap apples presented in table IV, the slight variation in sucrose previously discussed for Jonathan apples was not found. The percentage of sucrose in the Winesap apples obtained from the nitrogen treated plot was slightly below that found in the Winesap from the other plots; this difference, however, may not have been significant. The percentage of total sugars in the Winesap apples was slightly higher than that in the Jonathan apples.
ALCOHOL-INSOLUBLE ACID-HYDROLYZABLE FRACTION. There was a slightly higher percentage of this fraction with Winesap apples from trees receiving PK without nitrogen than from trees in the other plots. With the Jonathan this was not the case, since the fraction was as high in apples from trees of the nitrogen plot as that found in apples from the other plots.
CROPS OF 1936 AND 1937
The data in table V are based upon analyses of the expressed juice and show the percentage of the different sugars based upon the total flesh weight as follows: levulose, dextrose, sucrose, reducing sugars, and total sugars; the acidity and pH values are also indicated. SUGARS.-With the 1936 crops, each of the sugars was slightly lower in the fruit obtained from the check plot than that in the fruit obtained from any of the fertilized plots. This was not true, however, with the fruit of the 1937 crop. Also, the sugars in the fruits from the two plots fertilized with nitrogen alone and with phosphorus and potassium together appeared to be as high or slightly higher than in those fruits receiving other fertilizer combinations. The total sugars showed a larger difference than did the individual sugars. In the second of these two years, however, the fruit from the plot fertilized with nitrogen did not show as high or higher amounts of sucrose and total sugars as did fruit from other plots. Comparing the composition of the fruit from the same plots in two successive years, a variation was evident, particularly with regard to the amount of dextrose and sucrose. In the second of the two years, the amount of dextrose was somewhat higher. The amount of sucrose was less in the fruit from all of the plots the second year.
It is noted that variations in the different sugars are not always the same from year to year. This coincides with observations made by ST. JOHN With apples of the 1937 crop the total acidity was slightly lower in fruits from trees receiving applications of nitrogen fertilizers, alone and in combination. With apples of the 1936 crop, however, the total acidity was somewhat lower in fruit from the check plot, while that from the plot receiving nitrogen alone was somewhat higher than in fruit obtained from the other four plots (NPK, NP, NK, and PK).
During 1937 the acidity of all fruit was somewhat lower than that harvested the preceding year. The pH of the juice varied comparatively little although that of fruit from the check and from the PK plots was more alkaline than the others. This was not true the second year when the variation between plots was slight.
Summary
Data showing the mineral and carbohydrate composition of the Jonathan and Winesap apples from a number of plots of trees treated with several different combinations of fertilizer elements are summarized.
Variations in mineral and nitrogen content of the apples are comparatively small, but in a number of instances indicate trends that may be related to variations in terminal growth and in fruit production.
Increases in terminal growth and fruit production oppose increases in percentages of nitrogen, phosphorus, and potassium in the apples as a result of the fertilizers applied.
Since increases in growth and production resulted primarily from added nitrogen, applications of this element, alone or in combination, generally resulted in reduced percentages in the apples of nitrogen, phosphorus, and potassium.
There was some evidence with the 1931 crop of Jonathan apples and the 1933 crop of Winesap apples, that in fruit produced on trees receiving nitrogen applications, the percentage of dry matter was somewhat lower than when the trees received no added nitrogen. This was not true, however, with the Jonathan crop of 1933.
In the apples of the crops of 1931, 1933, and 1937 there was generally a lower percentage of total acidity in fruit from trees receiving nitrogen. This, however, was not true with the 1936 crop. The total acidity varied considerably in the four years that determinations were made. The Winesap apples were somewhat more acid than the Jonathan apples.
Variations in the sugar content of the fruit are somewhat larger in relation to the total amount of sugar present than was found with the minerals. These variations do not appear to show a consistent relation, however, to fertilizer treatments when considered in the light of variations from vear to year, and of natural sample variations.
With Jonathan of the 1931 crop and Winesap of the 1933 crop, the percentages of the alcohol-insoluble, acid-hydrolyzable fraction tended to be higher in apples from trees that received no nitrogen fertilizer applications. With the Jonathan of the 1933 crop, however, this was not the case.
In general, the effect of application of the different fertilizer elements on the composition of fruit was relatively small.
It should be pointed out that there was no evidence of a deficiency of either phosphorus or potassium, and that the effects of the fertilizer applications upon the mineral and carbohydrate composition of apples might be more marked if the trees were grown on a soil in which one or both of these elements were deficient, or if much larger amounts involving "luxury" consumption had been applied in the fertilization program.
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